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TECHNICAL NOTE NO. 1260 .

FLIGHT INVESTIGATION OF THE EFFECTS ON AIRFLANE

STATTIC LONGITUDINAL STABILITY OF A BUNGEE
AND ENGINE-TILT ﬁDDIFICATIONS'

By George A. Rathert, Jr.
SUMMARY

Flight tests have Peen conducted to evaluate an elevator
stick-force bungee and englne ti{lt as methods of improving
the longitudinal-control characteristice of an existing alr-
plane, Particular emphasis was placed on measuring the effect
on the stick-free stability in the power-spproach conditlon.
The stick-force bungee was the simplest and most effec- :
tive modification. It is indicated, however, that when large

changes in elevator ‘trim-teb aengle are required cbjectionable -

stick-force changes with speed and power will be induced.

The use of.engine tilt reduced the siiclk-force changes
with power, but the stablllty characteristles were not
improved. sufficient]y to Justify the modification.

The effects of both the hungee and the engine tilt could
be caléulated with sufficient accuracy for & preliminary
eveluatlion of. a proposed inshallaticn.

A simple flight ~-tegt method :of selecting the bungee .
installation required to correct glven unesatisfactory stlck-
free-gtebllity characteristics ie presented in an appendlx to
the renort. -

TNTRODUCTION

It is frequently necessary to modify the longitudinal-
atability and -control characteristics of an existing sair-
plane ln order to correct criticel deficiencies. These

deficiencies are most commonly induced by chenges in the air-

plane configuration to meet increased performance require-~
ments, changes in the magnitude and disvpositicn of the uwseful
load, or lack of sufficient informution for the preliminary
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design or weight and bslance estimates. The modifications to
be employed should be simple as well as effective and should
not change existing satisfgpctory characteristics. The most
effectlve modifications that can easily be made are the elevag-~
tor atick-foroe bungee, engine tilt, and the springy tab, or
spring-loaded elevator trim tab.

Thls report summarizes the results of flight tests of the
bungee agnd engine-tilt modifications instglled on a late model
carrier-based fighter aircraft which had proved during the
servlce acceptance trials to be unstable stick free in the
power-approach condition (carrier-approach). The springy tab
wae not installed on the test alrplane; however, a detalled
discussion of this additlonal type of modification may be found
in reference 1.

DESCRIPTION OF AIRPLANE AND MODIFICATIONS
The Basic Alrnlagne

The test alrplane was an experimental model of a low-wing,
single-place, carrier-based (VF) type monoplane equipped with
a tricycle landing gear. The airplane 1s powered by both a
reciprocatling engine driving a three-blade tractor propeller,
end a Jet-propulsion unit mounted behind the pllot's compart-
ment and exhgusting through a tail pipe terminating at the
extreme aft end of the fuselage. A three-view drawing gnd the
general speciflcatlons of the alrplane are présented in figure
1 and tables I and II, respectively.

The activity factor of the propeller (ver hlade) is 120.
The pronpeller side-force factor (per blade) is 112. The force
and motlion characteristics of the elevator control system are -
presented 1In figures 2 and 3, Figure 2 1s a plot of 'the varia-
tion of elevator angle with stick position. Figure 3 shows the
amount of force required to move the control stick slowly back
and forth over its complete range when there are no air loads
acting on the tgll surfaces. Although figure 3 indicates an
acceptably low friction of *2 pounds 1t should be noted that in
a cage like the present one, where the stick-free gtability was
such that very low pull forces were required at speeds below the
-trim speed, the reduction of friction to the minimum possible
value 1s very desirable.

The Modiflcations

Flguré 4 15 a5 schematic diagram of the elevator stick-
Torce-bungee installstion. The force characteristics of the
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long coll springs connected to the elevator control quadrants
were determined from figure 3 by comparing the data with and
without the bungee. The springs supplied a force equivalent
to a 9.5-pound pusih.on the stick; In addlition to the eflect
of the bungee, the WACA stick-~force.recorder acted as a hob-
welght, adding two mors pounds push Torce for each unlt of
normal acceleration., Thils effect was caused by the conflzura—
tion of the control stick, which is 1lllustrated in figure

The englne-tilt modification was accomplished by the alyr-
plane manufacturer by changing a spare front engine and nount
so that the thrust axls was tilted 4O nose dowm with respect
to the fuselage reference llne, The geomebtry of this change
is given in figure 5. The 4O tilt ilncreased the moment arm
of the thrust forces about the center of gravity from 3.5 )
percent 1I.A.C. to 9.9 percent l.A,C. in the flep and gear—

~ Gomrm configuration.

INSTRUIIENTATIO

The elevator angle and stlck Torce were recorded photo-
graphlcgally by sftandard KACA instruments synchronized by an
electric chironometer. In the range of stick-force data pre-
gsented the error in elevator angle due to streteh in the
control cables between the elevator and the recor »der did not
exceed +£0.59,

The elevator trim-tab data were obtained by apvlJing 2
celibration made with no load acting on the surface to the
values noted by the pllot from the standard cockpit positlon
inuicator. The accuracy of the tab-angle data presented is

$0.5%,

The values of indicated alrspeed were deternined from
a standard NACA recording system connected to a swivelling
alrspeed head boom. This system was considered to be ac-
curagte within *2 miles per hour, and no correction for

~ pPositlon error was appliled.

The normal acceleration fastor Az ané ongine operating
conditions werc noted by the pllot from oalibratod gtandard
indicating instrumenus.

TESTS ALD RISULTS

The static longitudinal-—-stability characteristics were
megsured 1in esach of the four flight conditions snecified in
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the followlng table:
i Enginel . | Flap
Welght Hanlfold|speed | Brake- and | Trim
Condition (15 ) bressurgiset— |horse- gear speed
(in. Hg)!ting .| pover | posi- (raph )
{rpm) tion
Power-on :
clean 9300 38 2600 1030 | Up 170
. ' Sene tab
Glide 9200 | Throttled|Idle e [ UD setting as
pouer—on
clean
Power—
approach | 9300 28 2500 730 | Dowm 2103
Same tab
Landing 9200 |Throttled|Idle ~——— | Down ggtgng as
épbroach
al.lSVsL

The statlc longltudinal—stability characteristics of the
alrplane for each nodification configuration are pressnted in
figuree 6 through 10 and summarized in table III. The evalu—
ations of tablellIl were nade by conparing the characteristics
of the modified alrplane.to the characteristics of the origi~
nal airplene at tvo center—of—gravity positions; the normal
(27 percent :i.4.C.), figure 6, and the TForward z22 percent
iI.A.C.) figure 7. ' E

In each alrplane configuration the data for the pnower—
aphroach and landing conditlions were taken at _the same ele—
vator trim—tab setting so that the data would show directly
the stick—force changes -ith power as well as those with sveed,
The same is true of the power-on clean and glide conditions.
These stick-force changes have been gumnarized in taple IV.

Tests were also conducted to determine the effect of the
modifications on the elevator stick-force gradients in mancu-—
vering flight. These data have been grouned directly into a
summary plot in figure 11, The flight conditions arc speci-
fled on the figure. - B T o
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The bungee modification is used to obtain stlok-Ires
static longitudinal stability without affectlng the stick~
fixed characteristice or the elevator stick-force gradlents
in maneuvering flight. Although it is usually defined and
referred to by the characteristics of the spring alone tie
complete modification sctually consists of two relaved cianges
in the control system: an increment in nose-up elevator trim
tab (down-tab deflection), and a constant tenslion spring.
Since most of the difficulty encountered in the seclection of
a satlsfactory bungee installatlion is due to the magnitude of
the tab deflections required, it is useful to regard thls
quantity rather -than the forceg of the spring ans the nrimary
variable. A nore complete .dlscussion of the use of spring
morents, from a different point of view, is presented 1in
reference 8. In actual practice, of course, once the slze of
the spring has been determined the trim tsb is used in tiae
normal manner with no.definite increment belng set by the
pilot. . . .

The effect of these two changes ls beigt illustrated by
consldering the variation of elevator stick force requlred
for level flight with the dynamic pressurc g« The lncrement
in tab deflection changes the slope dFe7dq by rotating the
curve about the intercept on the zero g  axis, The force of

e bungee spring docs not affect the slope but shifts the
curve parallel to the force axis a constant amount equal %o
acting on the -control surfaces. In terag of the flight-test
data used to demonstratc stick-frec stability, the increment
in trim-tab angle changes the sticl~force gradlent aFg/avy
to the deslred value and the tungce spring dlisplaces the curve
sufficlently to restore trim (Fo =0 at thec desired spccd.
A fiight—-test method of selecting the bungee instaliation
requlrcd to correct given unsatisfactory sticlk—-Ifrce-stability
characteristics ls presonted in appendix B.

A summary ls prescnted in figurc 12 of the effect of 140
morc nosc-up tab and bungec shring of 9.5 pounds on tho stick-
frce characteristics of the alrplane in the powcr—approach
condltlon. The characteristics ‘calculatcd from the tab-—
effcctlveness data of figurc 13 and the équations uscd in
appcndix B agirec quite well with the flight-test data.

Although the desired degrce of stick—frce stabillity was
readlly obtained by usc of the bungee modification, the large
lncrement in trim tab necessary induced objectionsble
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stlck~force changes wilith speed in the hilgh-speed range and
with power, As noted in tablelIV: the additional »ull force
requlred when the power is reduced from the power-approach
condltion to the landing condition was increased from 4 to 11
pounds, Inoreasing the speed from 170 to 350 miles per hour
without retrimming resulted in a push force of 20 pounds when
the bungee was installed as compared to 11 pounds without the
bungee., Although these stick-force changes are not exceasive
they were regarded as objectionable and night become excesslve
on some designs, The stick-force changes with speed inherent
in the bungee deslgn might be eliminated by changing to the
springy tab modification discussed in reference 1,

The magnltude of the stick-force changes with power in-
duced by the bungee installatlon depends on the amount of
additlonal tab deflection used and the effect of the slip-
stream on the trim-tab effectiveness aFg/d8te If the trim—
tab deflection which requires the entire bungee force for trinm
in the power-approach condition is much less effective-when
the power 'is cut, the major portion of the constant bungee
gpring force remains as an increment to the stick-force
changes. For this change of power in the tcset lnstallatlon
the tab effectiveness was reduced 50 percent as the data in
figure 13 indicate.

These stlck-force changes can be lowered by reducing the
effect of the slipstream on the tab. A set of elevators
having trim tabs located approximately 30 inches outboard of
tihe position indicated in filgure 1 werc proposed and tested
by the steff of the Ames 40— by 80-foot wind tunnel., The tost
data, showing the variation in dChp/dst (which resulis from
the variation in dtgp/do), &re reproduced in figure 1U,

The effeet of slipstream, although still large, is deflnitely
reduced on the outboard tabs, . The effect of change of power
on the stick forces required for trim would be proportinnally
reduced, 4 ‘

18imllar considerations apply to the use 2f a springy tab,
gince 1ts cffectivencss degcnds prinarily upon the variation

of qtsp With flight speed. Tests in thc Ames 4O- by 80-foot
wind ' tunnel indicated that for the test ailrplane in the powor-
approach configuration the action of thc slipstrcam was such
that, with decrcasing spced, dtab/ds increased as qo de-
creased, thereby rcducing the varlatisn »f dtgp with flight
spccd and the potential effectlvencss of a springy tab in-
-'gstallation,



NACA T¥ No., 1260 T

Although the tab effectiveness in the power—on clean
condition was not measured in flight it should be noted
that large trim—tab deflections used to obtain stability at
low speeds will be much nmore effective at high speeds and
Induce large stlck—-force changes wlth speed.

The data of figure 11 show that, as expected, the bungsec
modiflcation did not affect the stilclk~force gradients in
naneuvering flight, o

© Engline Tilt

The use of sn incllined thrust axis to reduce the destabi-
lizing effects of power resulbs in greater negative pliching-
moment slopes, oCp/dC1, at Te for constant power, in effcct
moving both the stilck~Tixed gnd stick—Iree neutral points aft,.
The method of reference 3 has been used to compute the cffcet
of 4% tilt on the pitching moment of the tost alrplanc cquipped
wlth double~slotted flaps in the power—approach condition.

The incremcnts of pltching moment are prescnted in figure 13
as a Tunction of girplane 1ift coefficiont. AL a 1ift cocf-
ficient of 1.24 corresponding to the trim speed of 1.15 Vsy,
or 103 miles per hour, the total change in 0CR/AC1 is
-0.012, corresponding to.an gpproximate rearward movoment of
the stleck—fixed neutral point of only 1.2 percent M.A.C. -

The effects of tilt as measured in flight in the power—
approach condition arc summarized in figure 16. The data of
figure 15 and unpubllshed olevator—cffecctiveoness data wore
used to computc the stick-Tixed characteristics of the airplanc
with tilt. The calculated effect agrecos very well with that
neasured, indlcating that the ncthod of roforcence 3 is satis—
factory for use in the preclimlinary cvaluation of s proposcd
modification,

o unsatisfactory coffccts induced by tilt were noted
during the flight tcsts. The stick—forcc changes with power
werce genorally reduced as Andlcated by the data in tableIV.
This cffoct 1s cxplained by the fact that the tilt rocduces
tho normal nosc-up pltching moment due to powor, conscquently
reducing the § change, and thcroforc the force change,
requircd., Tho %rimrtab cffcetivencss in the powcr—approach
conditlon was not changcd. _

The stlck-force gradicnts 1n mancuvering flight were
also unaffected, as shown in figurc 11, This would be
expected, since the tilt affcets only the 08C,/dC; at Te
for constant power and not OCR/dCy, at constant ~Tg.
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The data of figure 15 indlcate that moat of the effect
of tl1lt on the pltching-moment slope is due to the direct
propeller~thrust forces. 'The effectlveness of any proposed
tilt installation therefore depends mainly on the amount of
lncrease of the moment arm of the thrust forces about the alr-
plane center of gravity. In order to obtain the maximun
beneflt from a glven degree of tilt, the point of rotation of
the engine installation obviously should be as far forward as
possible. As shown in figure 5 in the present test instal-
lation the thrust moment arm would have been %3 percent larger
1f the englne could have been rotated sbout the propeller hub
rgther than the firewall, The movement of the stick-fixed
neutral point would have been increased roughly from 1.2 to
2.5 percent lI.4.C. TUnfortunately the position of the point
of rotation ls usually fixed falrly welli aft because of the
necesslty of avolding complicated cowling and fuselage nose
structure changes. - . _

It should be emphasized that it is necessary to simulate
the full—scale airplane installation very carefully when
powered wind-tunnel models are used to sevaluate & vroposecd
application of tilt. It is very lmportant to insurc that the
thrust moment arm is constant, that is, that the particular
position of the center of gravity uitn respect to the thrust
line is held constant.

The tilt modification is obviously less effective and
flexible than the bungee, partlcularly when applied to an
exlasting airplane.

CORCLUSIONS

The following conclusions have been drawn from conslder-—
ation of the modifications as methods of improving the static
longitudinal—stabllity characteristics of an exleting alrplanos

1. The elevator stick-forcé bungece was the simpler end
more effeective nodirication, although objcetioneble stick—
Torce changes with epced in the high—specd range and 1rith
power werc induccd by the large incroments in clevator trim—
tab angle recquirced., The stlck-force. changes with power could
have beon reduccd by moving tho olcevator trim tabs outboard
to reduce the offcet of the slipstrcom.

2« Even though deslrable roductions in the stick-forece
changcs with powor wore obtained, the onginc-tilt modifi-
cation was not cffective enough.in thls npplication to warrant
using it solely to incrcase static stability. The effective-
ness would have been incrcased 1f tho cngine installation could
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have been rotated about the propeller hub rather than a point
farther aft on the firewall.

3. The effects of both the bungee and tilt modifications
could be computed with satlsfactory accuracy for a prclinin—
ary evaluation of a. proposecd modificatlon,. '

Amcs Aeronausical Laborvabory,
NHational Advlisory Committce for Aeronautics,
Hoffett Field, Calif., December 2, 1946,
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APPENDIX

SYIBOLS

Standard NA@A symbols used throughout this report are

as follows:

A7

the ratio of the net aerodynamic force along the

alrplane Z-axis (positive when directed upward) to
the welght of the alrplane
elevator hinge-moment coefficlent
rate of change of elevator hinge moment wlth ele-—
vator angle at constant alrplane 1lift coefficlent
rate of change of airplane pitching moment with alr-
plane 1ift coefficient at T for constant power
alrplane 1ift coefficlent

alrplane pitching-moment coefflicient
propeller dlismeter, feet

elevator stick forece (pull force positive), pounds

mean aerodynamic chord, feel

dynamic pressure (%pV?®), pounde per square foot

axial propeller thrust, pounds

thrust coefficient (T/pV>D?)

true airspeed, feet per second

indicated alrspeed, miles per hour, defined by the
usual formula by whlch standard alrspeed meters

are callbrated



NACA Ti" No. 1260 11

Ver, alrplane stalllng speed in the landing configuration
(flaps and gear down)
8¢ elevator angle measured with respect to the hori-

zontal stabilizer (down—elevator positive), degrees

8¢ elevator trim—-tab angle measured with respect to the
elevator (down—tab positive), degrees

sgigge change in elevatbtor stlck force from trim

per g change in Az from trim

Special subscripted symbols used in appendix B are ag

follows:

Fg elevator stlck force at.ahy'speed wlith the bungee
installed |

Feq elevator stick force at any speed without the

bungee installed
dFe/d8% rate of change of elevator sgtick force with trim—
tab angle at constant alrspsed
The value of the above quantities at a given airspeed
ls specified by placing the quantity in brackets and append—
ing one of the following subscripts: - .
vitrim trim alrspeed (Fg and Fe, = 0)

Vi, some arbitrary alrspeed Vo, < Vi, < Vitpim
vimax maximum level-flight alrspeed ' ~
Thus

(Fé)viz elevator stick force with bungee installed at an

arbitrary alrspeed VSL < Vj_1 < Vitrim
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F increment of elevator stlck force due to addition of
bungee spring ldentifled as the force requlired to
hold the stick in neutral with no load on the con—
trol surfaces

Ad¢ change in elevator trim-tab angle required to restore
trim (Fe=0) wlth the bungee installed at a glven
trim gpeed and in a condition specified by the
gubscripts

Subscripts

PA power—-approach condition

power-on clean condition

L landing condition.
APPENDIH B

FLIGHT-TZST LIETHOD OF SELECTIIG A SATISFACTORY
BUNGEE IISTALLATION

Glven an airplane wlth unsatisfactory stlick-frec stabllity
characteristics, & flight-test method of selecting a satis-
factory corrective bungee installation is presented in the
following outline:
I. Selectlon of bungee instelletion.

A. PFlight-test data required (measured at norisl center-

of-gravity position in eritical condition, in this

casc power—approach).
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l. Variation of Feo with Vi

3
/ vj_

[}
i
1

Vitrin .
2. AdFe/A8t at Vigpy, and Vi,
3. Stick-force frictlon (should be < 2 pounds)

Fe

|
|
|
l

B. Determine deslrable pull force at Vig from pilotis
comment or criterlia such as presented in reference
Il vhere stick-force equals —-0,05 (V_:,_:L - Yitrim)
provided that the friction is less than 2 pounds.

C. The desired change 1ig

<- Deslired
Yy  pull

\I\fiigg/ Vi

ii \

i
!
l
L
Hote that the desired stick—free characteristics are
aprroximated by speclfying the force at only two
speeds, V4 and V3 3 tThe ecxact stick-
1 tTrin :
force gradient ls not deternined. The change is
nroduced by changing the trim—ftab angle an amount
A8+ and adding a constant bungec spring force
FeB ldentifled as the elevator stick-force re—

quired to hold the control stick in neutral with

+3
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no load acting on the surface. The effect of
thesce two changes on the stick force at a glven

alrspeed 1is

Fe = Fg, + Feg + (aFc/d5t)A8%

D. The equations for the two speccilficd pointe on tho
deslred stlck-forece variagtion with indicated

airspced are

at Vi, (F’e)vi-i = <Feo)V11 + Feg *+ (dFe/d.St)vil A8tpy (1)

8% Vigpim (Fe)vitrim = FoolVagmp * Fo

Hoting that both (lr'e)vlw:ﬁ1 end (Fo, are

)vitrim

zero by definltion, solving equation (2) for
FQB and substituting in cquation (1)

aFg

For = — ~-----~>V A8+
? 484 Vi gpam i

(Fe>vil e (Feo)vix

Ay = _
aFe\ dFe\
d5;>vil d5t>vit .
rin

II. Consideration of possible unsatisfactory induced effects,
A, Flight-test data required,
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1.

2

e

B. ©Stick-~force change with power with bungee installed

dFe/d8t &t Vigpyy 40 the landing condition

Stilck-force change at vitrim due to cutting

power from the power—aporoach condition to the
landing condition without retrimming, R

AR .
®%ower

8flck~force change encountered in increasing

. 8peed from vitriu e} Vimax in power-on

clean condition, AFeOspeed
L]

and at Vipge and Vigpyy in the power-—on

glean condition,

wlll be

Cpower

AFepower
Ce Ability to trim in landing condition with bungee

= AF

®opower

AB+ f —
PA L\c 5,5) Wiy ogn a5t>PAV Lo

should be < 35 pounds,

installed, Tab engle required for trim in land-

ing conditisn with bungee installed wlill be

84 =

'L

StL

8t; + Abt,, + AFe X 1

Lo A (CFe/ddt)
Lvitr im

must be within tab-angle range.
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D. ©Stick-force changes with speed. Stlck-force change due

to inecreasling speed from Vigpin To in the

Vinex
power-on clean condition wlth the bungee installed

will be

AFespeed = AFeospeed

+ AStP EEE)P _ - (dFe)P

a84" " Vig o Vitrin

®speed should be < 35 pounds.



NACA TN No. 1260 17
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TABLE I.- BASIC DIMENSICONAL DATA OF THE T&ST AIRPLANE,

Horlzontal Yortical
Tbom Wing tall toil
Aron, 3Q Tt..... 275 6£3.86 31.35
Span, ftiueeees.d L0 17. . €.79
Aspect ratio....| 5.82 h.éz 1.L5
Tapoer ratio,..... C.5 0.5667 0.%353
MeAoCuoy 1D, 0un.d 87.55 h9.3 A1.95
Dihecdral of
chord plane, _
dc’go.loccunoo-ooq 705 0 -
Incildence of
root chord to
thrust line,
dog..---..-..... 1 115 hadhadeed
Geoms tric
twist;, deg.....| C -0 0]
Root section....{65,2-117(a=1.0)| 65,2-015 £%,2-012
modified modifiod
Tip section.....{65,2-115(a=0,5) 65,2-015 6%,2-012
- modlficd modified
Poarcent .
stralght lino.. 0 65 al.55
Tail lengbth, ft
(from 0.25
M.A.C. of wing
to 0.25 M.A.C.
Of t81l)eeesaved cmmmmm—aaea 17.116 18.69
Tall volume,
'ZHSH_ IySy
Swtw  Swbw...ee}  mmemmeeemeea 0,600 c.05l




TABLE II.— DIICHSIONAL CHARACTURISTICS OF TId

L 1IOVABLD SURFACLS OF

THD TEST ATRPLANE.

Item - Dlevators Rudder Flaps - Allerons
Area aft of ainge lins o
(sa £%, both sldes) 20. 8% 8.92 39.6 12.8
Areo affected by mov—
able surface (8q ft) 58.83 26,1k 16544 (2.0
. : (approx.)
Span (ft, one slds) 7.85 5.98 10,03 7.5
H.AG. (£%) 1,365 1.532 —— 0.958
Hinge-line location 11,5 in, from
(percent chord) 65.0 — = |trailing edge
Aerodynamlc balance Internally sealed | overhanging- Double Sealed
and type of flap between hinges . sealed slotted Alnternal
(figs 1)
12.5 down 29,6 right
Travel (deg) 57,5 up and left 35 down |22 up, 13 down
: ‘Trim {area Trim on left
Trim (area 1.27 0.506 &g aileron only
sq £t, sach; Tt apan (area 0.89 8ag
Tabs span 1.812 £t) 1.5 £%) — £t, span 2.81
25° travel up 2? travel fts 15° travel
and down right and up and down
lert,
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TABIE III.- IfODIFICATION CONFIGURATIONS AND EVALUATIONS.

then desirable, excessive stick
force required to land,

Approx-
imate
center
of Bungee E?“
gravity .| force %.ge Flgure | pralustion Remarks
Toca- (1b) (é t) nunber
tion ee
(percent
‘iledaCy)
Unstable in power-appraach condi-
27 —— ——— 8 Unsatis- . tlon, unfavorable stick-force
factory . gradient at low speeds in power-
" nn clean condition,
! .
; ilarginally Neutrnl stebility in power-apprnach
2l.5 T - 2 satisfactoryv conditinn, stick-force changes
‘ ¥ ‘with power larger than desirable
} Stlck-force changes with power and
‘ s o with gpeed in the high-speed
27 g 945 - 10 Satisfectory range larger than desirable.
i Neutral stabllity in power-approach
i I Harginally condition, unfavorable stick-force
27 ! —— - 11 satisfactory grodient at low speeds in the
| power—on clean condition,
i Airplane cannot be trimmed in
prwer epproach ceonditinn, stick-
o7 9.5 L 19 Harginally force changes with power and speed
* satisfactory in the high-speed range larger
{
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TABLE IV.— STICK-FQRCE CHANGES DUE TQ POWER AND TO SFEED IN THE HIGH-3IPEED RANGE.

Conten 3tick force changes
of Bungee fpower in Prower in 93
: peed in
gravityt fiice Tilt | Flaps (dgg) power~approach| power-on cleon| power-on clean
é?grge? (1b) condibion conditlon condition
AlC, (1b) (1b) (1b)
Douhle~ il Nose
27 |Wono |wons | Dovble- qup | L.0 3.5 ~11.0
i ble- | 16 '
21.5 |Nons |None | 29U0i8% N;;e 11.5 5.0 ~16.5
18 )
D -
27 9.5 |Hons | DSUbIES Hose 11,0 8.0 ~20.0
- ) DQubl&— 6
27 Kone | L° | gictted Ng;e 3.5 1.5 ~10.0
Double~ pukl a
27 9.5 | 4O | 51ottoed ng;e 10.0 }.0 ~26.0
~ |95
27 None | None Eig%%gd gg:; 1.5 - ~——
Single- 6
27 705 Nons slc th NIC;.BB 6.5 - ———

SMoasured at trim speod (1.15 Vsa) wnile rcducing brs e horsepowor from T30 to O,

Meaﬂured at trim speed while ro
“Moasured from trim speod

d

170, to 350 miles per hour.
Could not be trimmed -at i 15 Vg, in power~approach conditlon.

ucing brake horsepower frem 1030 to 0.
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